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Introduction
Cyclopalladation 1 of arenes implies participation by an ortho co-ordinating substituent such as aldehyde, ketone, amide, hydrazino, aminoalkyl, azo, imine, and iminoether, thiazole, or thioalkyl 1-4 in metallation of the arene. This process then, is a regioselective method for introduction of the metal, with replacement of hydrogen, generating intermediates which can be formulated generally as 1, and which are available for further manipulations involving use of the properties of the organometallic species. However, on reaction of 5 with palladium(II) acetate, the desired type of complex, 7 was obtained in good yield; treatment of 7 with sodium chloride gave the corresponding chlorobridged complex 8 quantitatively (Scheme 3). The regiochemistry of metallation was easily confirmed by nOe experiments involving the remaining, adjacent pyrrole protons.
Scheme 3
The palladium complex 8 behaved just as had been hoped in reaction with bromine and iodine, giving the 3-halogenated derivatives 9a and 9b smoothly and in high yields (Scheme 4).
Scheme 4
In a limited exploration of the further applicability of the cyclopalladated complex 7, it was shown that 7 could be brominated giving 9a 88% yield, acetylated in moderate yield giving 10 and that reaction with tetrabutylammonium cyanide 3 led to the formation of a cyano derivative 11 (Scheme 5) though all attempts to remove residual tetrabutylammonium residues failed (in another context we have encountered difficulties in removing residual tetrabutylammonium Exposure of 13 to t-butyllithium gave the target tricyclic material 15 though only in moderate yield, accompanied by a compound molecular weight 356, into which a t-butyl group had been incorporated, and from which the oxygen had been lost-spectroscopic data are consistent with structure 16 (Scheme 7). In agreement with this interpretation is the finding that amide 15 was quantitatively converted into 16 on exposure to t-butyllithium at 0 o C.
Scheme 7
An isomeric tricycle, urea 18, was obtained by reaction of pyrrolidine 17 10 with carbonyl diimidazole.
Experimental Section 3,4-Dihydro-5-(1-(4-methylphenylsulfonyl)pyrrol-2-yl)-2H-pyrrole (5).
3,4-Dihydro-5-(pyrrol-2-yl)-2H-pyrrole 11 (1.52 g, 0.0113 mol) was added to a suspension of NaH (0.408 g, 1.5 eq) in dry THF and the mixture stirred at rt for 30 min 4-Methylphenylsulfonyl chloride (tosyl chloride) (2.271 g, 1.5 eq) was added and the whole stirred at 0 C) irradiation at δ 6.93ppm gave enhancement at δ 4.61ppm (3%); irradiation at δ 4.61ppm gave enhancement at δ 6.93ppm (24%) and 7.21ppm (4%); irradiation at δ 7.21ppm gave enhancement at δ 4.61ppm (3%); no molecular ion could be detected by EI/CI, FAB, or electrospray mass spectrometry (Anal. -15 to 15, l, -9 to 9; R = 0.068. Palladium complex 7. A mixture of imine 5 (1.6170g, 5.61mmol) and palladium(II) acetate (1.260g, 1eq) in acetic acid (60mL) was brought to reflux for 1 min. The resulting dark brown solution was poured into water and extracted with dichloromethane. The combined organic extracts were washed with saturated aq. NaHCO3 then H2O and dried (MgSO4 
3,4-Dihydro-5-(3-iodo-1-(4-methylphenylsulfonyl)pyrrol-2-yl)-2H-pyrrole (9b).
Iodine (0.0279g, 2.2eq) was added to a solution of complex 8 (0.0858g, 0.1mmol) and sodium acetate (0.0272g, 2eq) in dichloromethane (12mL) at 0 o C. The mixture was stirred at the same temperature for 10 min. The original heterogeneous solution clarified and was diluted with CH2Cl2 and washed with saturated aq. Na2SO3, aq. NH3-NH4Cl (pH = 10), water, and brine successively, dried (MgSO4), and concentrated. Chromatography on silica (ethyl acetate:petrol ether; 3:7) afforded the iodo compound 9b (0.0671g, 81%) 
3,4-Dihydro-5-(3-acetyl-1-(4-methylphenylsulfonyl)pyrrol-2-yl)-2H-pyrrole (10).
A mixture of complex 7(0.0905g, 0.1mmol) and acetyl chloride (0.0393g, 0.036mL, 5eq) in dry dichloromethane (10mL) was stirred at rt for 3 days. The reaction mixture was diluted with CH2Cl2 and washed with aq. NH3-NH4Cl (pH = 10), water, and brine successively, dried (MgSO4), and concentrated. Chromatography on silica (ethyl acetate:petroleum ether; 1:1) gave the ketone 10 (0.0322g, 49%) as a brown oil together with the original imine 5 (0.0116g, 20% 
3,4-Dihydro-5-(3-cyano-1-(4-methylphenylsulfonyl)pyrrol-2-yl)-2H-pyrrole (11).
The complex 7 in CH2Cl2 was stirred with tetrabutylammonium cyanide at room temperature overnight. Dilution with CH2Cl2 then washing with aq. NH3-NH4Cl (pH = 10), water, and brine successively, and drying (MgSO4), then concentration gave material which was partially purified by chromatography over silica (ethyl acetate/petroleum ether; 3:7) to give the cyanide 11 as a brown oil 
